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Fate of reactive con

mediated.

In complex systems, such as subsurface
hydrogeologic environments, identifying all
the biogeochemical reactions is difficult.




In order to determine which biogeochemical
processes are most relevant we look for evidence,
or footprints, of those processes. This can be l0Sss
of contaminants themselves or electron acceptors

used during reactions or an increase In
metabolites or end products produced during
reactions. We look in the ground water,
sediments, and soll gas at a range of spatial and
temporal scales and conduct /in situ experiments
to test hypotheses.
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Geochemical Indicators of B
Processes
*Electron Acceptors 5

0,, NO,, Fe*, Mn*, SOz, CO, \
*Electron Donors \\

Organic substrate (natural or contam

°Intermediates

H,, Organic Acids

*Reaction Products
HCO,, N,O, NO,; NH,*, Fe*", Mn#,
*|sotopic fractionation
0 1B3C, d BN, o S, d D, o 0, o *Cl




Geochemical Indicators of
Processes \\\

In assessing the do
reactions in a subsuf

IC O]

2. Water from outside the plumé\
3. Co-contaminants within the plume




Biogeochemical Pro
Fate are Influenced by
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The value of long-term studies, suc

. . . N
done at Toxics sites, IS that we can track cha
het

In the source of contamination and biogeoch

processes over time as reactions at these

progress, making us better able to make informe
choices about what we may need to look for at
other sites.




Some Key Lessons Learned at Toxics Sites when

ldentifying Controlling Biogeochemical Processes
Relevant to Contaminant Fate:

 Changes over time Iin aquifer geochemistry can control

progress of reactions and in evaluating these changes it Is
essential to consider the solid phase

* Reactions at plume fringes and interfaces are especially

Important because these are often areas of chemical
exchange

 Feedback between the geochemistry and in situ microbial

community impacts potential for future biodegradation
reactions






Monitoring wells were used for plume
observations. Smaller-scale samples w
collected by extracting pore water fro
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Changes Over Time: By looking at the cm Q\\
1€ O

plume is growing- ethylbenzene and ortho-xyle \

anoxic zone \\\
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Example #

Municipal
Landfill

Norman, OK
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and toward the
Canadian River.
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O Norman Slough, 2005 Seepage Meters,
Medain Specific Conductan
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Presence of a d

(the slough) pres

Impact contaminant fate. At
this interface enhanced
biogeochemical reactions are - ™ ’
expected to occur. e s mm e N = (ISGS
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3'°N of ammonium (per mil) in SI wells, June 200.
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Multilevel Wells Peepers

Norman Landfill Slope = A, first-order attenuation rate constant with distance
across the slough (m?), normalized to chloride

Attenuation Rates L 1
6.0 $ 6.0

« Ammonium attenuation 5.0 | 50 |
rate in the aquifer was ; :
about 67% higher than : _
in the slough porewater 30| 3.0 [

4.0 | 4.0 |

2.0 | 20 |

* Ammonium and [ [
potassium attenuation 1.0 L — o b e
rate constants the same 25 30 35 40 25 30 35 40

in aquifer and wetland Distance from well SI100 (m) Distance from well SI100 (m)
indicating that sorption

rather than oDOC O Ammonium A Potassium
biogeochemical # Sodium X Magnesium @ Calcium

processes was
responsible for the DOC  Ammonium Potassium Sodium Magnesium Calcium

SHELEE) Sl 0.2 -0.142 M;{:‘E}WI wegsﬂ14 0.010
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--P egpers--
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Example #3: Cape Cod
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Ground Water Contam
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MuMJevelsmnpﬁnglocaﬁons7-
at Norman Landfill site

Multi-level wells sampled
# annually

Area showing multi-level
wells sampled quarterly
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The importance of the role of

JU

the reduction or oxidation of org
contaminants in the subsurface I
established

Investigators understand the importance of

coupling geochemical measurements with
microbial studies, but much work needs to be

done to understand the feedback between
microbial activity and geochemical conditions,

iIncluding the time frame and spatial scale
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